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(57) ABSTRACT 
A method and apparatus for advancing initialization mes 
sages When initializing an interface is presented. In one 
embodiment, one of a sequence of training sequence mes 
sages are sent in serial mode across the data lanes of a 
generally-parallel interface betWeen tWo agents. When one 
agent correctly receives a ?xed number of messages, it may 
begin sending its messages With an acknowledgement. 
Thereafter, When that agent correctly receives a ?xed num 
ber of messages including an acknowledgement, that agent 
may advance to sending the neXt training sequence messages 

(21) Appl. No.: 10/851,369 in the sequence. 
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METHOD AND APPARATUS FOR 
ACKNOWLEDGEMENT-BASED HANDSHAKE 
MECHANISM FOR INTERACTIVELY TRAINING 

LINKS 

FIELD 

[0001] The present disclosure relates generally to data 
interfaces betWeen agents, and more speci?cally to point 
to-point data interfaces requiring initialization before gen 
eral operations of data transfer betWeen the agents. 

BACKGROUND 

[0002] Microprocessor systems have until recently been 
interconnected via multi-point drop data buses. The proces 
sors, memory controllers, input-output controllers (Which 
may generally be termed “agents”) Would be able to 
exchange data over a common data bus structure. HoWever, 
as data transmission rates become higher, limitations in the 
multi-point drop data buses are becoming a problem. The 
electrical loadings and re?ections in a multi-point drop data 
bus system may limit the data transmission speed. In order 
to address these and other issues, neWer systems are exam 
ining individual, dedicated point-to-point data interfaces 
betWeen the agents of a system. 

[0003] There Will still exist variances among agents 
attempting to exchange data via the point-to-point inter 
faces. Source impedances, path impedances, and termination 
impedances may all vary due to process variations and other 
in?uences. Data skeW among the various parallel data lines, 
and betWeen the clock and data lines, may become more of 
a problem at higher data rates. For this reason, during an 
initialiZation process the tWo agents at the opposite ends of 
the point-to-point interface may exchange special data mes 
sages to support the initialiZation process. For example, 
pre-determined data messages may help initialiZe a set of 
deskeWing buffers in a parallel interface. It Would be pos 
sible to simply send a large number of such messages and 
presume that the tWo agents Would successfully receive and 
act upon a suf?cient number of them. HoWever this may 
prove to be a time-consuming process. If the process con 
sumes too much time, it may impact system performance if 
the initialiZation is needed not just on a relatively-rare 
system reset event, but also on commonly occurring events 
such as transitions betWeen normal operating modes and 
loW-poWer operating modes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The present invention is illustrated by Way of 
example, and not by Way of limitation, in the ?gures of the 
accompanying draWings and in Which like reference numer 
als refer to similar elements and in Which: 

[0005] FIG. 1 is a schematic diagram of a pair of agents 
connected via an interface including a pair of point-to-point 
links, according to one embodiment of the present disclo 
sure. 

[0006] FIG. 2 is a timing diagram shoWing advancing 
from one training sequence to the next, according to one 
embodiment of the present disclosure. 

[0007] FIG. 3 is a timing diagram shoWing advancing 
from one training sequence to the next, according to one 
embodiment of the present disclosure. 
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[0008] FIG. 4 is a timing diagram shoWing receiving of 
training sequences containing acknowledgements at tWo 
receivers, according to one embodiment of the present 
disclosure. 

[0009] FIG. 5 is a ?oWchart shoWing the advancement 
from one training sequence to the next, according to one 
embodiment of the present disclosure. 

[0010] FIG. 6 is a schematic diagram of system including 
processors supporting an interface including a pair of point 
to-point links, according to one embodiment of the present 
disclosure. 

DETAILED DESCRIPTION 

[0011] The folloWing description describes techniques for 
handshaking With acknoWledgement to initialiZe a series of 
individual data lanes into data links is shoWn. In the fol 
loWing description, numerous speci?c details such as logic 
implementations, softWare module allocation, signaling 
techniques, and details of operation are set forth in order to 
provide a more thorough understanding of the present inven 
tion. It Will be appreciated, hoWever, by one skilled in the art 
that the invention may be practiced Without such speci?c 
details. In other instances, control structures, gate level 
circuits and full softWare instruction sequences have not 
been shoWn in detail in order not to obscure the invention. 
Those of ordinary skill in the art, With the included descrip 
tions, Will be able to implement appropriate functionality 
Without undue experimentation. In certain embodiments the 
invention is disclosed in the form of an interface for con 
necting together several Itanium® Processor Family (IPF) 
compatible processors, or for connecting together several 
Pentium® compatible processors, such as those produced by 
Intel® Corporation. HoWever, the invention may be prac 
ticed for interconnecting other kinds of processors, such as 
an X-Scale® family compatible processor (but not limited to 
any family of processor), or for interconnecting other forms 
of agents, such as memory hubs or input/output device hubs 
or chipsets. The invention may also be practiced in the 
interfacing of mixed kinds of processors or other agents. 
Finally, the invention may be practiced in dedicated point 
to-point interfaces, Where either the sending and receiving of 
data occur on a pair of one-directional links, or Where the 
sanding and receiving of data occur on simulataneous bi 
directional links. 

[0012] Referring noW to FIG. 1, a schematic diagram of a 
pair of agents connected via an interface including a pair of 
point-to-point links is shoWn, according to one embodiment 
of the present disclosure. For the purpose of the present 
disclosure, an “agent” may be a processor, digital signal 
processor, memory controller, input/output controller, 
chipset, or any other functional circuit that connects to 
another functional circuit via the interface under consider 
ation. Agent A 100 may be connected to a link 1140 for 
transmitting data to agent B 150 and a second link 2190 for 
receiving data sent by agent B 150. Link 1140 and link 2190 
may be said to form an interface betWeen agent A 100 and 
agent B 150. 

[0013] Agent A 100 may have series of lane transmitters 
T1102 through TN 110 and a clock transmitter TCLK 112 
for sending data across link 1140. In other embodiments, the 
external clock transmitter may be omitted and the lane 
transmitters may send self-clocked data. Agent B 150 may 
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have a series of lane receivers R1152 through RN 160 and 
a clock receiver RCLK 162 to receive the data and clock sent 
by agent A 100. Similarly, Agent B 150 may have series of 
lane transmitters T1170 through TN 1178 and a clock 
transmitter TCLK 180 for sending data across link 2190. In 
other embodiments, the external clock transmitter may be 
omitted and the lane transmitters may send self-clocked 
data. Agent A 100 may have a series of lane receivers R1120 
through RN 128 and a clock receiver RCLK 130 to receive 
the data and clock sent by agent B 150. 

[0014] The link 1140 and link 2190 are shoWn as includ 
ing interconnecting lanes for physical transport betWeen 
agents A 100 and B 150. The lanes in various embodiments 
may be unbalanced or balanced, differentially-driven. The 
number of lanes N may be any number. In some embodi 
ments, When soft errors or hard errors in one or more lane 

are detected, those lanes may be ignored and the link may be 
con?gured for operation as a parallel interface With feWer 
than N lanes. 

[0015] The signal path lengths and impedances of lanes 
132, 134, 136, up to 142 may have signi?cant differences, 
Which may cause differing signal propagation times. This 
may cause unacceptable skeWs betWeen lanes. For this 
reason, an initialiZation process may be undertaken upon 
poWer-on or other system reset activity. The initialiZation 
process may train the individual receivers R1152 through 
RN 160 to compensate for skeW and other anomalies to 
permit efficient operation of link 1140 as a parallel data 
interface. Similarly the initialiZation process may train the 
individual receivers R1120 through RN 128 to compensate 
for skeW and other anomalies to permit ef?cient operation of 
link 2190 as a parallel data interface. 

[0016] In one embodiment, a sequence of numbered mes 
sages, called “training sequences”, may be sent over the 
individual lanes (132 through 142) temporarily acting during 
the initialiZation process as N individual serial interfaces 
clocked by TCLK 112. The use of the lanes as individual 
serial interfaces avoids the skeW and other anomalies ini 
tially present When using link 1140 and link 2190 as parallel 
interfaces. There may be a ?rst type of training sequence, a 
second type of training sequence, up to a ?nal type of 
training sequence. Each of these numbered training 
sequences may pass parameter data for ef?ciently setting up 
the link 1140. An equivalent series of training sequences 
may be sent on link 2190. The outcome of the passing of 
training sequences back and forth across link 1140 and link 
2190 may be to con?gure operational parallel interfaces 
using the lanes of link 1140 and link 2190. For eXample, the 
?rst training sequence may eXhibit a knoWn data pattern 
from Which intra-lane skeW timing may be determined. A 
second training sequence may pass parametric data about 
this timing and also about soft and hard data errors detected 
in the lanes. 

[0017] Referring noW to FIG. 2, a timing diagram of 
advancing from one training sequence to the neXt is shoWn, 
according to one embodiment of the present disclosure. It 
Would be possible to send each of the various training 
sequences for a pre-determined period of time. This Would 
presume that the links Would be trained Within the collective 
time period. HoWever, it has been determined that merely 
using such a timer-based training method Would be dif?cult 
to validate and also to debug. Therefore, in one embodiment, 
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a ?Xed time per training sequence has been replaced by a 
handshaking method that includes acknoWledgements. 

[0018] The FIG. 2 embodiment shoWs a representative 
lane from transmitter TX of agent A sending to receiver RX 
of agent B, and corresponding lane in the reverse direction 
from transmitter TX of agent B sending to receiver RX of 
agent A. Each of the transmitters Tj of agents A and B may 
send the training sequences in serial form during the initial 
iZation process as described above in connection With FIG. 
1. Generally What may be received at a given RX of agent B 
is What Was transmitted at the corresponding TX of agent A, 
alloWing for a time of ?ight delay and any errors. FIG. 2 
shoWs events With respect to the tWo time bases, time base 
A and time base B, Which may be considered With respect to 
the clocks transmitted by agents A and B, respectively. 

[0019] FIG. 2 presumes that both agent A and agent B 
have previously agreed to commence sending the second 
training sequence message TS2. At time A1, TX at agent A 
(TX @ A) begins transmitting the second training sequence 
message TS2. It repeats transmitting TS2 as indicated by 
TS2A_1, TS2A_2, TS2A_3, and so on. These training 
sequences are received by RX @ B a short While later. At 
time B1, TX @ B begins its transmission of the second 
training sequence message T52. 

[0020] In one embodiment, each agent agrees to begin 
sending its training sequences, modi?ed to include an 
acknoWledgement, after it correctly receives from the other 
agent tWo consecutive current training sequences. In other 
embodiments, the number of received current training 
sequences may be more or feWer than 2, and they need not 
be received consecutively. The selection of 2 consecutive 
received training sequences as a criteria may help reduce 
circuit compleXity, as only one training sequence may need 
to be stored in order to compare With an incoming training 
sequence. The form of the acknoWledgement may be a 
modi?cation of a data pattern, a ?ag being set someWhere in 
the training sequence, or any other means of indicating an 
acknoWledgment. 

[0021] In keeping With this agreement, both agent A and 
agent B begin to determine Whether they have correctly 
received tWo consecutive current training sequences from 
the other agent as soon as they begin transmitting the current 
training sequence themselves. At time B1, agent B begins 
transmitting at TX @ B the current training sequence T52, 
and eXamines the receipt of training sequence TS2 at RX @ 
B. As agentAhas been sending training sequences TS2 from 
time A1, at time B2 agent B Will have successfully received 
TS2A_3 and TS2A_4. Therefore agent B has successfully 
received tWo of the current training sequences, and may then 
begin adding an acknoWledgment indicator to subsequent 
transmissions of TS2, starting With TS2B_3. In one embodi 
ment, agent B sends at least 4 of the T52 messages including 
an acknoWledgement. In other embodiments, feW than 4 or 
more than 4 could be sent. 

[0022] Because agent B began transmitting at a later time 
B1, agent A does not begin receiving training sequence TS2 
until time A2. The RX @ A successfully receives TS2B_1, 
but receives With an error TS2B_2. Only When RX @ A 
receives TS2B_3 and TS2B_4, at time A5, does it receive 2 
consecutive TS2 messages. Note that these TS2 messages do 
contain the acknoWledgement, but this is permitted. (The 
second agent to correctly receive the 2 consecutive training 
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sequences may generally be receiving one with an acknowl 
edgement.) Since agent A has received 2 consecutive train 
ing sequences at time A5, TX @ Amay then transmit, at time 
A6, the TS2 messages including an acknowledgement, start 
ing with TS2A_9. 
[0023] Therefore at time A6 both agent A and agent B are 
currently transmitting TS2 messages including an acknowl 
edgement. In one embodiment, each agent agrees to begin 
sending the neXt in the sequence of training sequences after 
(1) each agent has begun transmitting the current training 
sequence including an acknowledgement, and has transmit 
ted at least 4 of these messages and (2) after beginning such 
transmissions, each agent correctly receives from the other 
agent two consecutive current training sequences, including 
an acknowledgement. In other embodiments, the number of 
received current training sequences including acknowledge 
ment may be more or fewer than 2, and they need not be 
received consecutively. Additionally, in other embodiments 
the number of transmitted messages may be more or fewer 
than 4. 

[0024] At time B4, agent B has transmitted at least 4 of 
TS2 including an acknowledgement (TS2B_3 through 
TS2B_7) and has also subsequently correctly received two 
consecutive TS2 messages including acknowledgement 
from agent A (TS2A_9 and TS2A_10). Therefore, agent B 
may then begin transmitting the neXt training sequence after 
TS2, namely TS3, at time B4. The ?rst of these TS3 
messages is transmitted from TX @ B at time B4 (TS3B_1). 

[0025] Similarly, at time A7, agent A has transmitted at 
least 4 of TS2 including an acknowledgement (TS2A_9 
through TS2A_12) and has also (in this present example) 
subsequently correctly received two consecutive TS2 mes 
sages including acknowledgement from agent B (TS2B_6 
and TS2A_7). Therefore, agent A may then begin transmit 
ting the neXt training sequence after TS2, namely TS3, at 
time A7. The ?rst of these TS3 messages is transmitted from 
TX @ A at time A7 (TS3A_1). (It is noteworthy that the 
transmission of at least 4 of TS2 including an acknowledge 
ment and correctly receiving two consecutive TS2 messages 
including acknowledgement from agent B may in fact occur 
in any order.) 

[0026] The FIG. 2 example showed handshaking with 
acknowledgment for a representative pair of lanes TX @ 
A-RX @ B and TX @ B-RX @ Abetween agent A and agent 
B. It is intended that the transmissions of training sequences 
may take place across all of the lanes. In this case, if there 
is an error in reception on one lane (e.g. TS2B_2), then that 
lane may disregard the corresponding training sequence for 
the purpose of changing from transmitting a training 
sequence to transmitting the training sequence with 
acknowledgement, or for the purpose of changing from 
transmitting one training sequence to transmitting a subse 
quent training sequence. In some embodiments, the lanes 
encountering many soft errors, or a hard error, may be 
removed from the handshaking process. 

[0027] Referring now to FIG. 3, a timing diagram of 
advancing from one training sequence to the neXt is shown, 
according to one embodiment of the present disclosure. The 
same rules for agreement for advancing from transmitting a 
training sequence to transmitting the training sequence with 
acknowledgement, or for the purpose of changing from 
transmitting one training sequence to transmitting a subse 
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quent training sequence discussed above in connection with 
FIG. 2 may be applied in FIG. 3 as well. 

[0028] At event E1, a ?rst training sequence TS1B_1 may 
be sent from TX @ B and received at RX @ A. At event E2, 
a corresponding ?rst training sequence TS1A_2 may be sent 
from TX @ A and received at RX @ B. At event E3, RX @ 
B may receive with error a second TS1 from TX @ A, and 
therefore the RX @ B may discard any history (e.g. TS1A_2 
and TS1A_3). 
[0029] At event E4, the RX @ A has correctly received 2 
consecutive training sequences (TS1B_1 and TS1B_2), so 
starting with TS1A_4 the TX @ A may begin transmitting at 
least 4 training sequences including acknowledgement. 
Then from event E5 to event E6, RX @ B may correctly 
receive two consecutive training sequences (in this case 
including acknowledgement) TS1A_4 and TS1A_5. There 
fore, at event E7, TX @ B may begin transmitting at least 4 
training sequences including acknowledgement. In other 
embodiments, the number of training sequences required to 
be received or transmitted may be different. 

[0030] At event E8, RX @ A has correctly received two 
consecutive TS1 including acknowledgement subsequent to 
TX @ A beginning to transmit TS1 including acknowledge 
ment. Therefore TX @ A may begin sending the neXt in the 
sequence of training sequences, TS2, beginning at TS2A_1. 
At event E9, as agent A has advanced to transmitting TS2, 
RX @ A may begin eXpecting to receive TS2 messages, but 
will simply ignore older TS1 messages (e.g. TS1B_10) as no 
longer relevant. Similarly, at event E10, agent B has 
advanced to transmitting TS2 so RX @ B may begin 
eXpecting to receive TS2 message at that time. Here RX @ 
B will simply ignore previously-received TS2 messages 
(e.g. TS2A_1 and TS2A_2) because they arrived before RX 
@ B was ready for them. 

[0031] Referring now to FIG. 4, a timing diagram of 
receiving of training sequences containing acknowledge 
ments at two receivers is shown, according to one embodi 
ment of the present disclosure. Here the two receivers are RX 
@ A and Ry @ A of agent A. At time A1, agent A begins 
looking for 2 consecutive training sequences with acknowl 
edgement. RX @ A and RX @ B both successfully receive 
TS1_4. But then RX @ Asuccessfully receives TS1_5, while 
Ry @ A receives TS1_5 with an error. Although at time A3 
RX @ A has received 2 consecutive training sequences with 
acknowledgement, Ry @ A has not. Therefore agent A does 
not proceed to transmitting TS2 messages, but waits until Ry 
@ A has received 2 consecutive training sequences with 
acknowledgement. Only at time A5, after Ry @ A has 
successfully received TS1_6 and TS1_7, may agent A pro 
ceed to transmitting TS2 messages. In other embodiments, 
the number of training sequences to receive may be fewer 
than or greater than 2. 

[0032] Referring now to FIG. 5, a ?owchart of the 
advancement from one training sequence to the neXt is 
shown, according to one embodiment of the present disclo 
sure. The FIG. 5 ?owchart shows the actions taken by one 
speci?c agent, and references to “send” or “receive” are with 
respect to that agent. At block 510 the number M of the 
training sequence is initialiZed at 1. (A time count for 
supporting a timeout may also be initialiZed to 0 at this 
time.) Then in block 514 the training sequence message 
TSM is transmitted. In decision block 518, it is determined 
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whether 2 consecutive TSM messages have been correctly 
received. In other embodiments, more than 2 or fewer than 
2 messages may be examined. Here the TSM messages may 
or may not include an acknowledgment. If 2 consecutive 
TSM messages have not been correctly received, then the 
process exits decision block 518 via the NO path, and in 
block 538 another TSM message may be sent. Then in 
decision block 542 it may be determined whether the current 
time count exceeds a limit. If not, then the process exits via 
the NO path and re-enters decision block 518. If so, then the 
process exits via the YES path and enters block 552. 

[0033] When in decision block 518 it is determined that 2 
consecutive TSM messages have been correctly received, 
then the process exits via the YES path and in block 522 
TSM messages with acknowledgment may begin being sent. 
In one embodiment, 4 of these TSM messages with 
acknowledgement may be eventually sent. In other embodi 
ments, fewer than 4 or more than 4 TSM messages with 
acknowledgement may be eventually sent. Then in decision 
block 526, it may be determined whether 2 consecutive TSM 
messages with acknowledgement have been correctly 
received and whether 4 TSM messages with acknowledge 
ment have been sent. (Note that if any of the TSM messages 
sent in blocks 514 or 538 were TSM messages with 
acknowledgement, these should be included in the count 
determined in decision block 526.) In other embodiments, 
more than 2 or fewer than 2 received TSM messages with 
acknowledgement may be examined. If 2 consecutive TSM 
messages with acknowledgement have not been correctly 
received, or 4 TSM messages with acknowledgement have 
not been sent, then the process exits decision block 526 via 
the NO path, and in block 546 another TSM message 
including acknowledgement may be sent. Then in decision 
block 550 it may be determined whether the current time 
count exceeds a limit. If not, then the process exits via the 
NO path and re-enters decision block 526. If so, then the 
process exits via the YES path and enters block 552. 

[0034] When either decision block 542 or decision block 
550 exits via the YES path, the fact that the current time 
count exceeds a limit indicates a problem with one or more 

of the lanes. Therefore in block 552 some of the lanes, 
including lanes where the time limit was exceeded, may be 
removed from further consideration during the process. In 
one embodiment, standard subsets of the lanes may be 
removed and the interface may proceed with the remaining 
subsets of the lanes. For example, the subsets may be either 
one quarter or one half of all of the lanes, and the interface 
may proceed with either the remaining three quarters or one 
half, respectively, of the lanes. After block 552, the process 
then enters block 530. 

[0035] When in decision block 526 it is determined that 2 
consecutive TSM messages with acknowledgment have 
been correctly received, and that 4 TSM messages with 
acknowledgement have been sent, then the process exits via 
the YES path and in block 530 the training sequence 
message number M may be incremented. This may cause 
future sending of training sequences to advance from one 
training sequence to the next. In block 534 the time count 
may be reset and the process may repeat at block 514. The 
TSM now sent at block 514 will be advanced in sequence 
number. 

[0036] Referring now to FIG. 6, a schematic diagram of 
system including a processors supporting an interface 
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including a pair of point-to-point links is shown, according 
to one embodiment of the present disclosure. The FIG. 6 
system generally shows a system where processors, 
memory, and input/output devices are interconnected by a 
number of point-to-point interfaces. 

[0037] The FIG. 6 system may include several processors, 
of which only two, processors 70, 80 are shown for clarity. 
Processors 70, 80 may each include a local memory con 
troller hub (MCH) 72, 82 to connect with memory 2, 4. 
Processors 70, 80 may exchange data via a point-to-point 
interface 50 using point-to-point interface circuits 78, 88. 
Processors 70, 80 may each exchange data with a chipset 90 
via individual point-to-point interfaces 52, 54 using point to 
point interface circuits 76, 94, 86, 98. In one embodiment, 
point-to-point interfaces 50, 52, 54 may be interfaces as 
described in FIGS. 1 through 5 of the present disclosure. 
Chipset 90 may also exchange data with a high-performance 
graphics circuit 38 via a high-performance graphics inter 
face 92. 

[0038] In the FIG. 6 system, chipset 90 may exchange 
data with a bus 16 via a bus interface 96. In the system, there 
may be various input/output I/O devices 14 on the bus 16, 
including in some embodiments low performance graphics 
controllers, video controllers, and networking controllers. 
Another bus bridge 18 may in some embodiments be used to 
permit data exchanges between bus 16 and bus 20. Bus 20 
may in some embodiments be a small computer system 
interface (SCSI) bus, an integrated drive electronics (IDE) 
bus, or a universal serial bus (USB) bus. Additional I/O 
devices may be connected with bus 20. These may include 
keyboard and cursor control devices 22, including mice, 
audio I/O 24, communications devices 26, including 
modems and network interfaces, and data storage devices 
28. Software code 30 may be stored on data storage device 
28. In some embodiments, data storage device 28 may be a 
?xed magnetic disk, a ?oppy disk drive, an optical disk 
drive, a magneto-optical disk drive, a magnetic tape, or 
non-volatile memory including ?ash memory. 

[0039] In the foregoing speci?cation, the invention has 
been described with reference to speci?c exemplary embodi 
ments thereof. It will, however, be evident that various 
modi?cations and changes may be made thereto without 
departing from the broader spirit and scope of the invention 
as set forth in the appended claims. The speci?cation and 
drawings are, accordingly, to be regarded in an illustrative 
rather than a restrictive sense. 

What is claimed is: 
1. An agent, comprising: 

a ?rst lane transmitter and a second lane transmitter to 
send ?rst type messages to remote receivers; and 

a ?rst lane receiver and a second lane receiver to receive 
said ?rst type messages from remote transmitters, 
wherein said ?rst lane transmitter and said second lane 
transmitter to send said ?rst type messages with 
acknowledgement when said ?rst lane receiver and said 
second lane receiver receive a ?rst number of said ?rst 
type messages. 

2. The agent of claim 1, wherein said ?rst lane receiver to 
receive said ?rst number of said ?rst type messages con 
secutively. 
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3. The agent of claim 1, wherein said ?rst lane transmitter 
to delay sending said ?rst type messages with acknowledge 
ment until said second lane receiver receives said second 
number of said ?rst type messages. 

4. The agent of claim 3, wherein said ?rst lane transmitter 
to further delay sending said ?rst type messages with 
acknowledgement until a timeout is reached. 

5. The agent of claim 1, wherein said ?rst lane transmitter 
and said second lane transmitter to send said ?rst type 
messages with acknowledgement a second number of times. 

6. The agent of claim 4, wherein said ?rst lane transmitter 
and said second lane transmitter to send an additional said 
?rst type messages with acknowledgement when said ?rst 
lane receiver and said second lane receiver have not received 
a third number of said ?rst type messages with acknowl 
edgement. 

7. The agent of claim 4, wherein said ?rst lane transmitter 
and said second lane transmitter to send a second type 
message when said ?rst lane receiver and said second lane 
receiver receive a third number of said ?rst type messages 
with acknowledgement. 

8. The agent of claim 1, wherein said ?rst lane transmitter 
and said second lane transmitter to send said ?rst type 
messages until a timeout is reached when said ?rst lane 
receiver and said second lane receiver do not receive said 
second number of said ?rst type messages. 

9. A system, comprising: 

a ?rst agent with a ?rst lane transmitter to send ?rst type 
messages and a ?rst lane receiver to receive said ?rst 
type messages; and 

a second agent with a second lane transmitter to send ?rst 
type messages to said ?rst lane receiver and a second 
lane receiver to receive said ?rst type messages from 
said ?rst lane transmitter, wherein said ?rst lane trans 
mitter to send said ?rst type messages with acknowl 
edgement when said ?rst lane receiver receives a ?rst 
number of said ?rst type messages. 

10. The system of claim 9, wherein said ?rst lane receiver 
to receive said ?rst number of said ?rst type messages 
consecutively. 

11. The system of claim 9, wherein said ?rst agent 
includes a third lane receiver, and wherein said ?rst lane 
transmitter to delay sending said ?rst type messages with 
acknowledgement until said third lane receiver receives said 
second number of said ?rst type messages. 

12. The system of claim 11, wherein said ?rst lane 
transmitter to further delay sending said ?rst type messages 
with acknowledgement until a timeout is reached. 

13. The system of claim 9, wherein said ?rst agent 
includes a third lane transmitter, and wherein said ?rst lane 
transmitter and said third lane transmitter to send said ?rst 
type messages with acknowledgement a second number of 
times. 

14. The system of claim 13, wherein said ?rst lane 
transmitter and said third lane transmitter to send an addi 
tional said ?rst type messages with acknowledgement when 
said ?rst lane receiver and a third lane receiver of said ?rst 
agent have not received a third number of said ?rst type 
messages with acknowledgement. 

15. The system of claim 14, wherein said ?rst lane 
transmitter and said third lane transmitter to send a second 
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type message when said ?rst lane receiver and said third lane 
receiver receive a third number of said ?rst type messages 
with acknowledgement. 

16. The system of claim 9, wherein said ?rst lane trans 
mitter and a third lane transmitter of said ?rst agent to send 
said ?rst type messages until a timeout is reached when said 
?rst lane receiver and a third lane receiver of said ?rst agent 
do not receive said second number of said ?rst type mes 
sages. 

17. The system of claim 9, further comprising an audio 
input/output device. 

18. A method, comprising: 

sending a ?rst type message on a ?rst lane and a second 

lane; 
determining whether a ?rst number of said ?rst type 

messages has been received on a third lane and a fourth 

lane; and 

if so, then sending said ?rst type message with acknowl 
edgement on said ?rst lane and said second lane. 

19. The method of claim 18, wherein said determining 
includes determining whether said ?rst number of said ?rst 
type messages are consecutively received. 

20. The method of claim 18, further comprising when said 
determining determines that said ?rst number of said ?rst 
type messages has not been received, then sending another 
?rst type message. 

21. The method of claim 20, further comprising stopping 
said sending another ?rst type message when a timeout is 
reached. 

22. The method of claim 18, wherein said sending said 
?rst type message with acknowledgement includes sending 
a second number of said second type message with acknowl 
edgement. 

23. The method of claim 18, further determining whether 
a third number of said ?rst type messages with acknowl 
edgement has been received. 

24. The method of claim 23, further comprising when said 
determining determines that said third number of said ?rst 
type messages with acknowledgement has not been 
received, then sending another ?rst type message with 
acknowledgement. 

25. The method of claim 24, further comprising when said 
determining determines that said ?rst number of said ?rst 
type messages has been received, then sending a second type 
message. 

26. An apparatus, comprising: 

means for sending a ?rst type message on a ?rst lane and 
a second lane; 

means for determining whether a ?rst number of said ?rst 
type messages has been received on a third lane and a 
fourth lane; and 

if so, means for then sending said ?rst type message with 
acknowledgement on said ?rst lane and said second 
lane. 

27. The apparatus of claim 26, wherein said means for 
determining includes means for determining whether said 
?rst number of said ?rst type messages are consecutively 
received. 

28. The apparatus of claim 26, further comprising when 
said means for determining determines that said ?rst number 
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of said ?rst type messages has not been received, means for 
then sending another ?rst type message. 

29. The apparatus of claim 28, further comprising means 
for stopping said sending another ?rst type message when a 
timeout is reached. 

30. The apparatus of claim 26, wherein said means for 
sending said ?rst type message with acknowledgement 
includes means for sending a second number of said second 
type message with acknowledgement. 

31. The apparatus of claim 26, further comprising means 
for determining whether a third number of said ?rst type 
messages with acknowledgement has been received. 
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32. The apparatus of claim 31, further comprising when 
said means for determining determines that said third num 
ber of said ?rst type messages with acknowledgement has 
not been received, means for then sending another ?rst type 
message with acknowledgement. 

33. The apparatus of claim 32, further comprising when 
said means for determining determines that said ?rst number 
of said ?rst type messages has been received, means for then 
sending a second type message. 


